Purpose The locking compression extra-articular distal humerus plate (EADHP) is an anatomically shaped, angular stable single-column fixation system for distal third humerus fractures. The purpose of this retrospective study was to evaluate clinical and radiographic outcomes after open reduction and internal fixation of distal humerus fractures with this device. Methods Twenty-one consecutive patients with distal humerus fractures were treated with the EADHP system between February 2006 and June 2012. Of these, 19 were clinically and radiographically evaluated after a mean follow-up of 10.4 months. Follow-up assessment included anteroposterior and lateral radiographs, assessment of range of motion (ROM), pain according to a visual analogue scale (VAS) and Disabilities of the Arm, Shoulder and Hand (DASH) score. Results All fractures demonstrated satisfactory reduction and healing at an average of 7.3 months. One patient showed postoperative sensory ulnar neuropathy that recovered completely, and nine patients had a preoperative radial nerve palsy, which recovered spontaneously following exploration and plating. Mean post-operative ROM was as follows: flexion 126°, extension −7°, pronation 82°and supination 83°. The VAS score was zero points in eight patients, while the mean DASH score was 25.8 points.
Introduction
Fractures of the distal humerus are complex and challenging injuries to treat. Humeral shaft and extra-articular supracondylar humerus fractures in adults comprise 16 % of humeral shaft and 10 % of distal humerus fractures [1] . Most of these are either simple spiral diaphyseal fractures or are complicated by extension into the articular surface. The main goal of treatment of extra-articular distal humerus fractures is to restore alignment and achieve stable fixation to allow for early elbow range of motion (ROM), which is crucial for a good functional outcome [2, 3] . Treatment recommendations for this injury have been adopted primarily from studies of intra-articular distal humerus fractures. Many authors have advocated managing these fractures surgically with open reduction and internal fixation (ORIF) and immediate elbow motion [4, 5] . Double-plating techniques using two 3.5-mm plates in orthogonal (90-90) or parallel (180°) patterns are generally accepted. Standard singleplating techniques typically fail to achieve adequate stabilisation [6] [7] [8] . Yet despite good functional results, nonunions and infections do occur with double-plating techniques [8, 9] . To minimise extensive soft tissue stripping and to decrease surgical time, some authors have used a single posterolateral compression plate for fixation of non-comminuted extra-articular distal humerus fractures [5, 8, 10] . The advantages of a single plate would include decreased surgical exposure, decreased surgical time and potentially faster rehabilitation due to minimal iatrogenic soft tissue injury.
Laboratory studies of locking plate constructs have shown superior fixation compared to standard compression plates for tibial and femoral metaphyseal and diaphyseal fractures [11, 12] . In a biomechanical study, Korner et al. demonstrated that both two standard reconstruction plates and two pre-contoured locking plates provide adequate fixation in an extra-articular distal humerus model [7] . They showed, however, that the locking plate construct provided enhanced stiffness against anterior-posterior bending and torsional loads. Due to the superior biomechanics of locking plates, other peri-articular long bone fractures have been successfully treated with only one plate, including distal femur [13] , proximal tibia [14] , distal tibia [15] and distal radius [16] fractures.
The locking compression extra-articular distal humerus plate (EADHP, Synthes, Solothurn, Switzerland), also known as the "J-plate", is an anatomically shaped, angular stable fixation system designed for extra-articular fractures of the distal humerus. The aim of this retrospective study was to evaluate the early clinical and radiographic results after open reduction and single-column fixation of fractures of the distal humerus with the EADHP system and compare these results with data from the literature. We hypothesised that the EADHP would enable adequate fracture fixation and satisfactory elbow function, even in elderly patients with potentially reduced bone mass.
Materials and methods

The implant
The EADHP is distally contoured for dorsal application on the lateral column of the distal humerus and has optimised angles within the distal screw holes and increased hole density at the distal portion. The proximal screw holes have a combinationhole system allowing for either locking or non-locking screws in the humeral shaft. Additionally, the plate has an angular offset, which allows it to contour to the posterolateral column, thereby avoiding impingement on the olecranon fossa.
Surgical technique
Surgery was performed with the patient in the prone or lateral position and under general anaesthesia. The injured arm was placed on a support allowing elbow flexion up to 120°. The modified posterior approach [17] to the distal humerus was used in all but one case, with identification of the radial and posterior brachial cutaneous nerves (Fig. 1) . The ulnar nerve was identified and isolated in six cases. Reduction of the fracture was performed first and held with K-wires. Then, the EADHP was placed and fixed with 3.5-mm locking screws in the distal portion and 3.5-mm cortical screws in the proximal part. The plate was positioned so that its shaft portion was located centrally on the posterior aspect of the humerus while the distal end curved along the posterior aspect of the lateral column (Fig. 2) . Care was taken not to impinge on the olecranon fossa and the plate was taken as far distally down the lateral column as necessary for stable fixation. The position and extent of the EADHP are demonstrated in Fig. 3 .
Patients
We treated 21 consecutive patients (12 men and nine women) with metaphyseal extra-articular distal humerus fractures or nonunions between February 2006 and June 2012 at our institution using the EADHP (Table 1) . Inclusion criteria included skeletally mature patients with a closed or open fracture of the distal humerus (AO type A) with or without neurovascular deficits. Of these, 19 patients had adequate follow-up and were included in the final analysis. The average age of the patients at the time of operation was 39 years (range 19-91 years). Of the 21 patients with distal humerus fractures, eight were due to motor vehicle accidents (38 %), five were nonunions from previous distal humerus operations (24 %), four were due to falls (19 %), three were due to gunshot wounds (14 %) and one was due to a forklift injury (5 %). Sixteen patients (76 %) sustained additional injuries, while five patients (24 %) sustained isolated distal humerus fractures. Of the 16 patients with multi-trauma injuries, nine suffered radial nerve injuries (56 %), three sustained forearm fractures (19 %), three suffered non-upper extremity fractures (19 %), one sustained a median nerve injury (6 %), one injured their brachial artery (6 %) and one dislocated their elbow (6 %). The mean follow-up time was 10.4 months, ranging from three to 36 months. In order to assess post-operative clinical outcomes at the time of follow-up, a Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire was completed by each patient and the degree of pain was also recorded using a visual analogue scale (VAS). The VAS is a subjective scale used for measuring pain, and the pain level was indicated on a continuous scale extending from 0 to 10. Additionally, the elbow/forearm flexion, extension, supination and pronation ROM were determined for each patient. Radiographic parameters were also evaluated. Anteroposterior and lateral radiographs were obtained and used to determine the healing progress of the distal humerus fracture as well as plate location and stability. The metaphyseal-diaphyseal angle, humeral-ulnar angle and shaft-condylar angle were measured using these radiographs (Fig. 4) . Lastly, the per cent of anterior capitellum was calculated using the anterior humeral line as a reference.
Results
Complete clinical and radiographic evaluations were performed at a minimum of three months post-operatively in 19 patients. The mean time to radiographic fracture healing was 7.3 months (range three to 13 months). ROM and DASH scores are presented in Table 2 . At final follow-up, the mean flexion-extension arc was 120°(SD 20°) with a mean flexion of 126°(SD 16°) and a mean extension of 7°(SD 7°). The mean supination-pronation arc was 165°(SD 45°) with a mean supination of 83°(SD 22°) and a mean pronation of 82°(SD 23°). Additionally, the mean DASH score was 25.8 points (SD 17.7 points), ranging from 13.3 to 38.3 points. VAS scores are also presented in Table 2 (of note, the scores of only 14 patients were able to be obtained). At final follow-up, eight patients were completely pain free (47 %), three patients experienced mild pain (17 %) and three patients experienced moderate pain (17 %) . No patients suffered severe pain. Furthermore, the final elbow radiographic outcomes are presented in Table 3 . The mean metaphyseal-diaphyseal angle was 87.8°(SD 4.5°, normal 82-84°), the mean humeral-ulnar angle was 13.5°(SD 9.2°, normal 17.8°valgus), and the mean shaft-condylar angle was 41.1°(SD 2.7°, normal 40°). The anterior humeral line passed through 52.4 % (SD 18.3 %) of the capitellar width (normal, middle third).
One 50-year-old male patient with an open fracture developed osteomyelitis, which was treated with debridement, antibiotics and retention of the hardware. The fracture went on to healing within 14 weeks. Additionally, one 19-year-old male patient had a laceration of the brachial artery in association with proximal radius and ulna fractures inflicted by a gunshot wound; in this case, successful revascularisation was achieved. Overall, nine patients had a preoperative radial nerve palsy, all of which recovered spontaneously. Furthermore, one patient developed post-operative ulnar neuropathy which spontaneously recovered. One patient developed elbow stiffness as well as heterotopic ossification as a result of concomitant proximal ulnar and radial fractures due to a gunshot wound. In addition, one patient required hardware removal due to symptomatic irritation.
Discussion
Distal humerus fractures remain one of the most challenging orthopaedic injuries to manage. They are commonly multifragmented, occur in osteopenic bone and have complex anatomy with limited options for internal fixation. Treatment outcomes are often associated with elbow stiffness, weakness and pain. A painless, stable and mobile elbow joint is desired as it allows the hand to conduct the activities of daily living, including personal hygiene and feeding. Our case series comprised type A fractures, which are extra-articular and typically occur at the distal humerus metaphyseal level. Although these fractures receive less attention in the literature than the more complex intra-articular type C fractures, they do account for one fourth of all distal humerus fractures [18] .
Clinical studies using a single-column plate have demonstrated adequate fixation for extra-articular distal humerus fractures [3, 5, 10 ]. It appears that some degree of cortical contact is necessary to provide adequate stability to achieve sufficient fixation with a single plate. A recent biomechanical study has shown that a locking plate placed on the lateral column with no medial buttress to prevent varus deformity provided less resistance to varus stresses compared to doubleplating [19] . This may be clinically relevant in situations with severe comminution as seen in gunshot injuries and in the absence of cortical contact between fragments. Despite these biomechanical data, our three (14 %) gunshot injury cases did not experience any secondary fracture displacement or hardware failure. This may be attributable to the relatively newer design of the EADHP which has increased thickness and Fig. 2 Intraoperative view of the EADHP system placed on the distal humerus. Note the radial nerve crossing the plate at the mid-shaft of the humerus (black arrow) width compared to previous plates used in the aforementioned biomechanical study. It is probable that the EADHP system, if tested, will show increased fixation rigidity over earlier designs.
This study evaluated clinical and radiographic outcomes after ORIF of extra-articular distal humerus fractures with a single lateral column plate. The results confirm our hypothesis that adequate fracture fixation and satisfactory functional outcome may be achieved with this device. All 19 of the reviewed charts documented radiographic healing with maintained reductions, adequate alignment and bridging callus. The mean elbow ROM was 7-126°at the last follow-up examination with no patients having a flexion contracture greater than 20°. Early physical therapy and ROM exercises were initiated immediately after splint removal in all of our cases to mitigate such contractures. The DASH score revealed a good subjective overall evaluation with a mean of 25.8 points, with 0 points as the best possible score result and 100 points as the worst possible score result. A DASH score in a normal arm has been shown to be 7-9 points [20] . This is comparable to the mean DASH scores found in modern series of distal humerus fractures that have been reported to range from 18.5 to 46.1 points, indicating mild to moderate residual impairment [21, 22] .
With regard to neurologic injury, the nine patients who had a radial nerve palsy present pre-operatively had continuity of the nerve confirmed at surgery, and all regained radial nerve function by their last follow-up visit. In all cases, the radial nerve was explored and protected as part of the surgical approach. There were no cases of secondary radial nerve palsy. We had only one case (5 %) of post-operative ulnar neuropathy, an incidence which is lower than the numbers reported elsewhere in the literature [23] . The literature on this topic remains somewhat unclear, and the management of the ulnar nerve following ORIF of a distal humerus fracture in patients who had normal findings on a preoperative neurological examination remains an unresolved issue.
The treatment of distal humerus fractures is labourintensive and complex, with an expected high incidence of complications [18] . Over one fourth (28 %) of our patients developed a complication after operative treatment, and one required further surgery (hardware removal). In our study, we treated five patients with nonunions of the distal humerus with the EADHP system. All five patients healed successfully. Furthermore, none of these five patients suffered from complications or infections. The mean flexion-extension arc for these patients was 121°and the mean supination-pronation arc was 170°. Two of these patients had no pain at all, one experienced mild pain and two experienced moderate pain. Wenzl et al. found that using the limited contact dynamic compression plate (LC-DCP) for internal fixation with locking screws demonstrated high consolidation rates [24] . Given our high consolidation rates as well as high functional outcomes and low complication rates, we feel that the EADHP is a reliable implant for the treatment of distal humerus fractures and humeral shaft nonunions.
According to our radiographic outcomes, the mean metaphyseal-diaphyseal angle, the mean humeral-ulnar angle and the mean shaft-condylar angle were all within the normal range. Additionally, more than half of the anterior capitellum was anterior to the anterior line, which is within the normal range. These radiographic outcomes demonstrate that the EADHP system is successful in maintaining elbow joint alignment and bone reduction over the long term. Furthermore, although not directly measured in our study, single-column fixation is reported to be less time-consuming than both-column fixation in either orthogonal or parallel mode [25] . A decreased surgical time often indirectly results in less bleeding, and less surgical dissection and manipulation of soft tissues. The absence of an olecranon osteotomy also improves the post-operative therapy course and facilitates early ROM. Consequently, these factors serve as potential additional benefits of using the EADHP system. The limitations of this study include the relatively small sample size and the fact that two patients were lost to followup. Furthermore, in this study, the majority of patients had relatively high-energy trauma compared with other clinical trials. This may limit comparability of our data with studies dealing with low-energy trauma in the elderly. In addition, only one type of plating was tested, so no direct comparison may be made with other plating systems or techniques such as parallel plating. 
Summary
For extra-articular distal humerus fractures, including highenergy injuries often seen in gunshot wounds or motor vehicle injuries, the use of an anatomically shaped angular stable single-column plate results in satisfactory clinical and radiographic results. We did not see any cases of loss of reduction or nonunion, and the relatively high rate of transient radial nerve deficit that occurred at injury was more related to the severity of the fracture than to the mode of fixation. Future research should aim to directly compare the EADHP to other extant fixation systems with regard to patient outcomes.
